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Plasma etching appts. with electrode structure • has gas Introducing 
assembly with silicide layer e.g. silicon carbide graphite panel used 
to aid plasma formation 

ANELVA CORP 11.10.88- JP-255541 
(18.04.90) HOlj-37/32 
10.10.89 as 310354 (2062SJ) (E) No-SR.Pub R(DE FR GB) 
The appts. has an evacuation chamber (8) with two facing electrodes 
(4, 6) within. A gas Introducing assembly (2) associated with one 
electrode comprises a graphite panel (22) with a silicide layer (23) 
on the surface facing the second electrode on which the object (5) to 
be etched can be placed. 

A large number of holes (3) in the panel allow gas piped into the j 
space between the first electrode and the panel to pass into the space ! 
between the silicide layer and the second electrode. A radio ' 
frequency power source (7) connected to the electrode structure ! 
supplies rf power to the space between the gas introducing assembly i 
and the second electrode. 

USE/ ADVANTAGE - Plasma etching with minimal 
contamination. (7pp Dwg.No.1/3) ! 
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© Plasma etching apparatus. 

© A plasma etching apparatus compri^ng a freat- 
mint chamber (8) capable of being If*""*" 
electrode structure comprising first and second elec 
Jo£s> ana 6) which face each other in the treat- 
^ chamber and a gas introducing means (2) 
plclrf in connection with the first 
^frequency power source (7) -Tj^ 
electrode structure for supplying radiofrequency 
elSto power to a space between the gas .ntroduc- 
XmeaTand the second electrode. The gas m- 
%Z» means comprises a graphite pane. (22) 
hav"na a silicide layer (23) formed at least on the 

SS/oUU second 9tectrod9 1 

tJha^ alarge "umber of through-holes (3) for passing 
^through a gas fed to a space between he «Ust 
iftelectrode and the introducing ^ "J 
^between the gas introducing means and the second 

electrode. 
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Plasma Etching Apparatus 



orttr 10 sect.. •'^1^00 cW* »■ 
rough. *» ""I*- * ^.^wrf as » In. 
pressure oillerenee ol O S lo 1 *S» C "V 
L» ol orv otthing. and .n «•« ol «• «| ™ 

.1 « on to 3 000 A. Furthermore, the process 

becaus w d to a d qre which corresponds 
plasma .s reduc d to a d gre ^ 
t0 the thickness of th porous ^ uaru ' K«tween 
tne porous quartz sinter when .ns rted between 



, . „h»c arts as a dielectric. Accordingly, the 

porous quartz sinter part .arge enough ■ * covj ■ 
normal sized electrode hav.ng a diameter o iSOto 

'° ^posldTand around the gas • 
the quartz sinter clogging the pores or make gas 
non-uniform. resu.ting in non-uniform 

)5 etC t 9 aluminum (M.O.) sinter is 

only in that the sinter lowers the plasma formation 
eSSciency because o« the .arge 
a radiofrequency electric power is applied to me 
IrYrSeV between which the sinter is d.sposed. 
M STSThSJ the sinter acts as a contamination 
sice releasing alumina or aluminum formed 
Sough decomposition thereof when a surface of 
L sfnter exposed to a plasma is sputtered^ 
Tcontrast. a silicon carbide sinter. 

substantial contamination of an object to be tteat 
«h However a silicon carbide sinter gas introduc 
Si oSTo^uany etched on the side in contact 
3, *i pSa during plasma etching. Therefor* 
T several thousand silicon dioxide films may be 
30 as several uiuu=** rt,«tance between 

eventually 

Hoi* at the middle portion of an obiect to be 
3S etcCandapoirnattheperiphera.^on^he 

object. This leads to a slowing down ^ 
SL and exacerbation of non-uniform 
distribution. Thus, replacement o 
carbide sinter with a new one .s repeated iiy 'J 
«, quired. However, high purity silicon carb.de sirrte s 
STbe very expensive and replacement greatly 
naeSes !?e running cost of etching apparatus 
The use of silicon carbide is 
is it difficult to use high-purity silicon carb.de 
sinters on a scale of mass production. 
45 furthermore, in the case of the 

sinter, an electrically conductiv e substan m st 
be adhered to the inner side of the sinter i.e 
between the sinter and one electrode, m order to 

,Ca ' We hav now found it possible to solve the 
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foregoing problems ol the prior art to thereby pro- 
vide a plasma etching apparatus capable of formng 
a stable and high-density plasma. 

According to the present invention, there is 
provided a plasma etching apparatus comprising a 
treatment chamber capable of being evacuated, an 
electrode structure comprising first and second 
electrodes which face each other in said treatment 
chamber, a gas introducing means provided in 
association with said first electrode, and a 
radiofrequency power source connected to said 
electrode structure for supplying radiofrequency 
electric power to a space between said gas in- 
troducing means and said second electrode, 
wherein said gas introducing means comprises a 
graphite panel having a silicide layer formed at 
least on the surface of the graphite facing said 
second electrode and further comprises a large 
number of through-holes for passing therethrough a 
gas fed into a space between said first electrode 
and said introducing means and into the space 
between said gas introducing means and said sec- 
ond electrode. 

In the plasma etching apparatus of the present 
invention, etching can be effected with little con- 
tamination of the object, while the electrical con- 
ductivity of the graphite panel is utilized to improve 
the efficiency of forming the plasma. Another ad- 
vantage is that the use of a graphite panel is 
economical. 

Preferred features and embodiments of the in- 
vention will now be described by way of non- 
limiting example with reference to the accompany- 
ing drawings, in which: 

Fig. 1 is a schematic side view of an em- 
bodiment of plasma etching apparatus of the 
present invention; 

Fig. 2 is a schematic side view of another 
embodiment of plasma etching apparatus of the 
present invention; and 

Figs. 3(a) and 3(b) are enlarged schematic 
cross-sectional views showing partial structures of 
embodiments of a gas introducing part used in the 
plasma etching apparatus of the present invention. 

The structure of Fig. 1 comprises: a gas pipe 1 
through which a gas can be introduced into the 
apparatus; a gas introducing means or part 2 com- 
prising a graphite panel 22 having a silicide layer 
23 formed drTIKe surface of graphite _by^ surface 
silification; first and second electrodes 4 and 6 for 
forming a plasma discharge; an object 5 to be 
treated by ion etching or the like; and a 
radiofrequency power source 7. The gas introduc- 
ing part 2 is integrated with the first electrode 4 to 
form an integrated electrod . 

Th gas introducing part 2 shown in Fig. 1 
which comprises th graphite panel 22 having the 
silicide layer 23 formed on th surface of graphite 



is used to introduce *a gas. fed through the gas 
pipe 1. into a space between the gas introducing 
part 2 and the second electrode 6. through holes 3 
in the gas introducing part 2. The gas fed through 

5 th gas pipe 1 and introduced into the spac 
between the gas introducing part 2 and the second 
electrode 6 via the gas introducing part 2 is turned 
into a plasma through a discharge produced using 
radiofrequency electric power supplied to the 

to space between the gas introducing part 2 and the 
second electrode 6 by a radiofrequency power 
source 7. The object 5 placed on the second 
electrode 6 can be plasma-etched with the above- 
mentioned plasma. 

15 As shown in Fig. 1, the gas fed through the gas 

pipe t is blown uniformly against the object 5 via 
the gas introducing part 2; this is a further advan- 
tage of the present invention. Since the graphite 
panel 22, having the silicide layer 23 formed on the 

20 surface of graphite through surface silicification is 
used as the gas introducing part 2 through which 
the gas is blown against the object 5, the gas 
introducing part 2, even when exposed to the plas- 
ma, does not act as a contamination source of a 

25 metal such as aluminum, while almost all of the 
reaction products, particularly when using a 
fluorine-containing gas. are volatile and are not 
deposited on the object 5. Furthermore, the 
silicified surface of the graphite panel prevents the 

30 object 5 from being contaminated with graphite 
particles or the like. Moreover, the gas introducing 
part 2 comprising the surface-si lie if ied graphite 
panel 22 causes little electric power loss by virtue 
of its own electrical conductivity and allows a sta- 

35 ble and high-density plasma to be efficiently 
formed. I 

Fig. 2 is a side view of the structure of an 
embodiment of the plasma etching apparatus of the 
present invention. The structure of Fig. 2 com- 

40 prises a treatment chamber 8, an electrode ring 9 
mainly for achieving electrical connection of a gas 
introducing part 2 with a first electrode 4. The other 
parts numbered 1 to 7 respectively correspond to 
those shown with the same reference numerals in 

45 Fig. 1. 

In the structure of Fig. 2. gas fed through a gas 
pipe 1 is spread through a space defined by the 
first electrode 4. the gas introducing part 2 and the 
electrode ring 9. The gas passing through the gas 

so introducing part 2, comprising a graphite panel 22 
having a silicide layer 23 formed on the surface of 
graphite by surface silicification, is passed through 
the holes 3 onto an object 5 placed on a second 
electrode 6, while at the same time radiofrequency 

55 electric power generated with a radiofrequency 
pow r source 7 is applied to a space between the 
gas introducing part 2 and the second lectrode 6 
to form a plasma in the space, with which the 
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object 5 can be plasma-etched. 

The silicide layer of the above-mentioned 
graphite pan i 23 is not formed at least on the area 
of the panel in contact with the electrode ring 9 to 
secure electrical connection of the graphite panel 
with the first electrode 4. but at least covers the 
whole surface of graphite facing the second elec- 
trode 6. 

Figs. 3(a) and 3(b) show embodiments of par- 
tial structures of the gas introducing part 2 having 
formed therethrough holes 3. The structure shown 
by Rg. 3(a) is obtained by making a targe number 
of holes through the graphite panel 22 and then 
forming a silicide layer 23 on the whole surface of 
graphite by means of a surface silicification pro- 
cess. Thus, the silicide layer 23 covers the inner 
wall of the holes 3. On the other hand, the structure 
shown by Fig. 3(b) is obtained by making a large 
number of holes through the graphite panel 22 and 
then depositing the silicide layer 23 on the surface 
of the panel 22 facing, for example, the second 
electrode 6 by means of a chemical vapor deposi- 
tion method. Thus, the silicide layer 23 shown in 
Fig. 3(b) covers the surface of the panel 22 facing 
the second electrode 6 and a portion of the inner 
wall of the respective holes 3. 

The use of the graphite panel having the sili- 
cide layer 23, formed on the surface of graphite 
panel 22 through surface silicification, as the gas 
introducing part 2 is effective in preventing the 
object 5 from being contaminated and in efficiently 
forming the plasma. The gas introducing part 2 is 
gradually etched on the side in contact with the 
plasma causing a change in the distance between 
the gas introducing part 2 and the second elec- 
trode 6. As a result, non-uniform etching rate dis- 
tribution is exacerbated simultaneously with the 
lowering of the etching rate. Accordingly, the gas 
introducing part 2 must be replaced with a new one 
after etching several thousand objects. However, 
the use of surface-silicified graphite panels as the 
gas introducing part 2 is very economical. The 
price of each surface-si licified graphite panel 22 
can be as low as 1/10 that of a silicon carbide 
sinter. As for etching characteristics, the use of the 
surface silicified graphite panel 22 is comparable to 
the use of the silicon carbide sinter. Furthermore, 
since the surface-silicified graphite panel 22 has a 
high electrical conductivity, the use of the surface- 
silicified graphite panel 22 can improve the etching 
rate by 10 to 20% over the use of the silicon 
carbide sinter even if no electrically conductive 
substance is provided between the graphite panel 
and the first electrode. 

The silicide layer of, for example, about 1mm 
in thickness, formed on the surfac of graphite 
through surface silicification, prevents the object 
from being contaminated with graphit particles. 



even if the silicide layer ia considerably etched to a 
. thickness of about 0.8mm. 

j" In the present invention, a choice of about 0.1 
{ to about 0.5mm for the diameter of gas-ejecting- 

5 1 through holes in th graphite panel means that 
strong discharge hardly occurs around the through- 
holes, while an arrangement of the through-holes at 
suitable intervals enables the gas to be uniformly 
passed therethrough. 

io As described above, the silicification of the 

about 1mm thick surface portion of a graphite 
panel makes the graphite panel resistant to etch- 
ing, as compared with quart2 and anodized alu* 
m'mum t and well resistant from for example, a 

j 5 plasma formed from a fluorine-containing gas, such 
as CFt or CHF^ which is used when an Si0 2 film 
is etched. This makes uniform etching possible. 
Furthermore, since the surface-silicified graphite 
panel has a very high thermal conductivity as com- 

?o pared with alumina and silicon carbide, it can par- 
ticularly be advantageously used as a gas ejecting 
panel having a surface exposed to a plasma and 
heated by the plasma. 

A preferred process for siticifying a surface 

?5 portion of a graphite panel comprises heating a 
processed graphite panel in an atmosphere of SiO 
gas at a high temperature of at least 800 *C to 
form a silicide layer of about 1 mm in thickness on 
i the surface of the remaining graphite. Alternatively, 

30 la silicon carbide film may be deposited on the 
^surface of a graphite panel by a CVD method. 

According to the present invention, since a 
graphite panel having a silicide layer formed on the 
surface of graphite, which is attached to an elec- 

35 trode, is used as a gas introducing part for in- 
troducing therethrough a gas into a space between 
the gas introducing part and another facing elec- 
trode, the etching operation can be carried out 
without contamination of an object while utilizing 

40 the electrical conductivity of the graphite panel to 
form a stable and high-density plasmai. 

Claims 

1. A plasma etching apparatus comprising a 
treatment chamber (8) capable of being evacuated, 
an electrode structure comprising first and second 
electrodes (4 and 6) which face each other in said 

so treatment chamber, a gas introducing means (2) 
provided in association with said first electrode, 
and a radiofrequency power source (7) connected 
to said electrode structure for supplying 
radiofrequency electric power to a space between 

55 said gas introducing means and said second elec- 
trode, wherein said gas introducing m ans com- 
pris s a graphit panel (22) having a silicid layer 
(23) formed at least on the surface of the graphit 
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facing said second electrod and further comprises 
a large number of through-holes (3) for passing 
therethrough a gas fed into a space betwe n said 
first electrode and said introducing means and into 
the space between said gas introducing means and 5 
said second electrode. 

2. A plasma etching apparatus as claimed in 
claim 1, wherein said first electrode is integral with 
said gas introducing means and an electrode ring 

(9) is provided therebetween. to 

3. A plasma etching apparatus as claimed in 
claim 1 or 2, wherein said silicide layer is a silicon 
carbide layer. 

4. A plasma etching apparatus as claimed in 

any preceding clai m, wherein said oraphit e panel is 
has through-holes of (o.1 to 0.5mm diamete ^ 

5. A plasma etching apparatus as claimed in 
any preceding claim wherein a plasma is produced 
from the gas passed into the space between said 

gas introducing means and said second electrode, 20 
through the through-holes of said gas introducing 
means, using the radiofrequency electric power in 
order to effect therewith plasma-etching of an ob- 
ject (5) which is placed on the surface of said 
second electrode facing said first electrode. 25 

6. A method for plasma-etching an object using 
an apparatus according to any one of claims 1 to 5. 

7. A plasma-etched object produced using an 
apparatus according to any one of claims 1 to 5. 

8. Use of an apparatus according to any one of 30 
claims 1 to 5 for plasma-etching an object. 
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